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FOREWORD

This report raises the possibility - r truly significant improvements
in the supersonic combat range of chemically fueled, éerodymically
supported aircraft or missiles, These ;xt:ntial improvements would
ensue from the very high supersonic 1lif'.-drag ratios of ri_.gg-bo_dy confi-
gurations, Such lift-dreg ratios would be achieved through wvhat 1is

termed 'drag transformation and reducticn,' an effective marriage of the

techniques of thickness-drag cancellation, laminarized supersonic boundary

layer, and reduction of drag-dve-to-lift,

Experimental research at an early date is strongly urged in order to
establirch the degree of physica’. reri’:stion of the theoretical gains
described in this report. In this v 1) affective design applications
can be formulated and (2) '“e experience gained can be brought to beur

on extensions of the concept.
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Three potential aerodynamics advances ~ thickness-drag cancellation,
laminarized supersonic boundary layer, and reduction of drag-due-to-lift -
are brought to bear on a family of ring-body configurations representing,
by virtue of their very high lift-drag ratios, a possible breakthrough in
strategic weapon systems, Each of the three major features of this novel
aerodynamics concept has been treated in the literature previously with
varying degrees of completeness. All three are brought together here to
achieve this potential bYreakthrough in strategic weapon systems, The
folloving is & sumnary of the capabilities which could be realized from
specific applications of this concept:

©® Circumnavigation of the earth with all-supersonic, unrefueled,
chemical-energy strategic bombers is indicated to be a possibility
for the striking force of the mid-sixties. This is predicated
on the 1958 state-of-the-art in propulsion and structures and on
successful verification of the aerodynamics concept described
hereia,

0 A Mach-2, sea-level, long-range strategic missile of the weight
and general sise of the SM-G2A Snark could be developed to
operate over a 5000 n mi ranga. For the more reasonmsble flight
profile of high-altitude supersonic cruise and ses-level super-
sonic dashk to the target, the range could be extended or the
size of the aissile could be reduced. The state-of-the-art
requirerents for such a missile are essentially those of the
circummavitationil mannsd bozher and are therefore dependent upun
realization of this mrw cor-ept in supersonic serodynamics,
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Mach-3 air-to-surface missiles having the approximate warhead and
guidance weights of current ASM's and a range (from airborne
launch) of 500 to 1800 n mi could be developed for launching
veights (including boosters) of 4600 to 600 1b, With a warhead

of twice the weight of that in the ASM and for the same distances
to target, the launching weights for a similar group of missilos
would be about 8200 to 11,700 1b, The preliminary estimates for
these ASM's employ only two (thickness-drag cancellation and
reduction of drag-due-to-lift by body camber) of the mjor fea-
tures of this aerodynamics concept.

A Mach-2 supersonic transport of the general size and weight of

the intercontinental DC-8 could be designed with almost 2-1/2 times
the 5800 n mi maximm range of this airplane, if all three major
factors vere used., Using only two of the major factors, laminarised
supersonic boundary layer and thickness-drag cancellation, a 10
per cent increase over the DC-8 rangs is indicated. Thess ranges
are based on a fusl-to-gross-veight ratio of about 1/2, vhich is
typical of psrsomnel transports of current design,

SECRET
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1. INTRODUCTION

The as-yet unsatisfied distance requirement of meanned offensive
wveapon systems and the need for smaller, faster, chesper, and more effec-
tive systems, once the distance requirement is met, invite the attention
of specialists in many fields, including sicuctures, propulsion, aero-
dynamics, and preliminary design. Of these specialists the asrodynamicist
is in an especially good position to influence the range capability of a
given weapon system in a direct fashion, through improvement of the ratio
of 1ift to drag (L/D).

With reservations about the over-simplification and the less than

universal applicability of the Breguet range equatiom,

W
R . !%m init
¢ Weinal
W
- fMpm R

let us note the direct proportionality of range to lirt-dreg retio and to
Mach number, M. Improvements in either or both terms that 3¢ not increase
specific fuvel consumption, c, or increase the empty- to gross-weight ratio,

Veinal
T vill directly increase range.
init

The maximm lift-dreg ratio is a simple and comvenient figure-of-
merit that may be used to charecterise the asrodynemics state-of-the-art

of a lift-supported vehicle., JFor a conventional ving-body-type configur-
ation it is deternined from the relatiom

SECRET
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vhere

K = drsg-dus-to-lift factor

n
2N ¢
= N'co:m;: fcalp
c”f Arer ’

total-viscous-drag coefficient, the
sumation of the component drags

C - 1=l S » total-thickness-drag coefficisnt, the
sumation of the component drags

In their order of introduction the areas used adbove are component wetted

area N , selected over-all reference area A £’ and coaponent refer-
comp re
ence area, Accnp'

problem areas for the ssrodynmmicist and the designer, both of vhom strive

These expressions succinctly present the general

to improve the attainable maximum lift-drag ratio for successive vehicle
designs. The three coefficients that the asrodynsmicist seeks to reduce
are drag-due-to-1lift factor, K, skin-friction coefficient, ct, and the

component thickness-drag coefficients, cD .
tcc:-p

The particular class of configurations, ring-boiies, for which this
enalysis is performed (Pig. 1) does not necessarily rcpresent the optimm

SECRET
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of all possible classes., It vwas used because it offered an opportunity
to reduce, in principle, all three of these coefficients simultaneously
and because the development of the aerodynamic theories involved was
available in the literature.(l’a) The present investigation is a logical
outgrovth of the analytical development by the authoro) of the non-
lifting ring-body, which was first suggested by Perri.(h)

The improvement in lift-drag-ratio values relative to those of con-
ventional ving-body configurations is effected principally through a
concept termed '‘drag transformation and reduction.' This concept involves
the elimination of body and *‘wing' thickness drag (at the cost of increased
'ving' wetted area) and the reduction of average skin-friction coefficient,
as a result of boundary-layer control, to maintain a laminar boundary
layer over various portions of the wetted surfaces. The rest of the
improvement is due to the use of drag-due-to-lift factors which are
generally less than the level of the values which are typical for opera-
tional supersonic aircraft. This is a consequence of minimizing the wvave-
drag part of drag-due-to-lift,

SECRET
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II. AERODYNAMIC METHOD AND RESULTS

The general class of configurations considered in the present
analysis is termed ‘ring-body.' These configurations lie within the cir-
cumscribed doudble Mach cone defined by the length of the body and the Mach
ugie associated with the flight Mach number. Both camplete-circular
ring-vings end half-circular ring-wings, as shown in Fig, 1, were
considered. Calculations were made for both the camplete- and the half-
ring subclasses, using both axially symmetric aand cambered central bodies.

The detailed derivation of the mathematical relations and the general
substantiation of the calculations will be reported in subsequent research
menoranda, For present purposes it is sufficient to observe that the
choices between alternative schemes at each step were made to approximete
the optimal design and to maintain the tractabdbility of these relations to
mathematical analysis,

is vas suggested in the introduction, the parasitic or non-lifting
dreg is effectively reduced to & minimm by eliminating the thickness
dreg (sometimes referred to as sero-lift wave dreg or pressure drsg) and
reducing the friction (viscous) drag contribucion by leminarizing the
boundary layer over the wetted surfaces. These are tw of the fea-
tures in this ssrodynamics concept. The third feature, wvhich will be
fatroduced belov, affects the 1lifting drag, vhich comprises a vortex dreg
(similar to sudbsonic flov) and & vave dreg. The vortex-dreg contribution
is approximately nininised by the assumed spanvise loading on the ring-ving,
This losding varies circumferentially as the sine of the engle § measured
from the horisontal, as showa ia Pig. 2. This vortex-dreg contribution is

SECRET
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reduced, for a fimily of cylindrical shells inscribed in a right circular
double Mach cone, as the cylinder radius is increased.
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These sin ¢ type loadings are constant along the chord of the ring, as
illustrated by the sketches of Fig. 2. The wave-drag contribution to
drag-due-to-1lift is related to how well the ideal elliptic loeding along
the axis is approximated by projections of the above-dsscribved losdings
along Mach plaixes. This process of projection is illustrated in Pig. 3.
In general the approximation of the projection nf the real loeding to the
ideal elliptic loeding along the axis wvorsens as the ring is msoved cutward,
The combined effect of the two contributions to dreg-dus-tc-1ift declines
to an asymptotic value associated vith two-dimensional flow, This general
cambination of vortex and wvave dreg is referred to as 'bvesic’ ring-dbody
dreag-due-to-1ift,

Bowever, the wave-dreg contribution cean be mede t0 decline as the
ring 1s moved cut, if toe local loading dus to body cember adds to (end
subtracts from) the projected losding fram the wing to form em elliptic
loading along the axis, This is the minimm contriduticn of wve drag.

SECRET



SECRET

mq.zlﬂ‘

3.10-58

e
v
o=
>
il
2

poot 110 #° six0 OWO
“ .
On_—mh vwo

uo
aquod ApoQ
30} vom \uo uonoeloid

0192

PUIIR o

$1x0
—

—
‘\
P aaf

—
- —
\‘
\\




SECRE7 -

This minimal contribution for wvave drag combines vith the near-minimel
contribution for vortex drag to approximate lowr-bwnd(” values for
drag-due-to-1ift. This combination of vortex and vave drag is referred
to 23 'cambered’ ring-body drag-due-to-lift and represents the third
feature of the asroiynamics concept.

There is, of course, an infinite number of extents of cember between
the zero and the ideal ceses described abdbove,

The preceding descriptions of dreg can be summarized mathematically

by the relation

D = D +D +D
L fw e

1/2 2
D -[(24-6):80 Co q + [cB/aa(%‘-) ] cho(d+o)(%‘) Q

vhere

3 = reatio of wetted area of two full-chord struts to one-half the
ving vetted area

R = wing redius
¢ = (ring) ving chord
(!r = average skin-friction coefficient

dynsmic pressure
body wetted area factor

life

o
[ ]

T = B
]

e wvave-drag cosfficient
e = vortex-irag cosfficient

SECRET
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For the half-ring-body configurations the central-body cross-sectional
area distribution along the axis and the total body volume are determined
through an involved mathematical process vhich prc /eeds from the assumed
loading on the ring. This point is mentioned here because it introduces

a wvell-defined, formeli constraint on the body volume and wing lift, hence
on the average bulk density of the configuration and the operational
altitude, This constraint applies less formally to the camplete-ring-body
configurations. (This is similar to experience with coaventional aircraft)
Thus the equation above, vhich relates body wetted area and drag-dus-to-
1ift and vhich was derived for the half-ring configuraticn, is used for
the complete-ring configuration and gives an accurate basis for camparison,
Specifically the volume-1lift relation for these ring-bodies is

Volume = 0.)20 9-2:-5

This volume of the central body is expected to be the only useful volume
of the configuration. The lift-drag relation given above can be used to
optimize the lift-drag ratio., Typical resulis of these rather involvel
1ift-drag retio optimizations are given by Fig. b, where L is plotted
versus the ratio of ring chord to central-body length, % . In part (a)
of Fig. b the pair of dashed-line curves brackst the results for basic
half-ring body configurations, wvith the indicated range of interest of
skin-friction coefficient, 0.0003 £C, £ 0.0021, at M £ 1,5, The lower
limiting value is about half the value achieved in the first, limited
supersonic experiments at laminarization, and the upper limiting value is
typical of turbulent boundary layers at N £ 1,5, The pair of solid-line
curves in part (a) give the same type of information for the cembered

SECRET
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half-ring-body configurations. Similar remarks apply to part (b) of

Fig. U except that the design Mach number here is approximately 3, and
0.0003 < Ce < 0.0015. These curves also pertain to half-ring-body
configurations. The upper limiting value for M & 3 is lowered because of
the Mach-number effect on turbulent skin-friction coefficient. An example

of the maximm lift-drag ratio for the limiting value ; = 0 is indicated
L
D
corresponding curves for complete-ring-body configurations are omitted,

on Fig. 4(b) to show that L 1s finite at the 1imit," For simplicity, the
since they are similar to those of Fig. 4 and their values are quite
uniformly about 10 per cent lower,

A very interesting and striking feature of these configurations may
be noted by comparing the -Iﬁ‘- values of part (a) of Pig. 4 to thuse of
part (b) for the same value of % and C,. The fact that the product of
Mach number and lift-drag ratio, M% , 1s essentially a constant means
that higher Mach numbers offer no inherent advantage or disadvantage to
vehicle range.

Concurrently vith the calculations of lift-drag retio, the physical
characteristics of these configurations vere determined in a general
fashion, These included such properties as body-to-ring diameter ratio,
body fineness ratio (Ei%m%%') » body-frontal-area-to-ving-reference-area
ratio, surface vetted areas, and body volume., This informatiion permitted

the preliminary configuration designs presented in the next section.

* It should be not-d that the L/D value for the basic half-ring
configuration declines as the limiting value ¢/t = O is approached, This
is a consequence of the sum of the decreasing vortex- and increasing vave-
drag-due-to-1ift spproaching the asymptotic valus, while the sero-lift dreg
increases slovly. The net effect is a decline in L/D. In the case of the
complete-ring configuration, both the vortex- and vave-dreag-due-to-1ift
decrease at a moderate to rapid rate, while the zero-lift dreg increases
slovly. The net effect here is a rapid rise in L/D.

SECRE

- - - L el Moot . W~



SECRET

RM-2154
4-10-58
15

II1. APPLICATIONS

In this section realistic hardware applications of the performance
figures previously cited =ve described. The desizns are of the 'back-of-
the-envelope' type, and the sizing has in most cases been set by the

vehicle selected for comparison.

It should be pointed out at this juncture that while the details of
the theoretical external aerodynamics of the ring-body configurations can
be stated precisely and the associated geometries calculated exactly, the
practical engineering data for final comparison awvait the experimental

substantiation of the ccncept introduced in this report.

A. STRATEGIC LONG-RANGE BOMBER

An important possible application of this aerodynamics concept is a
cambered half-ring body with a design Mach number of about 3.0 and having

(6) scaled for a gross weight

as a comparison vehicle an advanced design
of about 500,000 1b (Figs. S and 6). The configuration sketched in Fig. 6
has a hody volume equal to the total displacement volume of the confi-
guration shovn in Fig. 5. The average density (initial gross weight
divided by total volume) assumed for both configurations is 30 1b/ft>
Figures 5 and 6 are drawn to the same scale, so that general impressions
as to size can be readily obtained, The ring chord is about 6 per cent
of the body lergth, As 1s usually the case with conventional airplanes,
definite altitudes are associated with tae vehicles' maximm lift-drag
ratio, gross weight (lift), and volume (density). For the vehicle in
Fig. 6 the product of Mach nurber and lift-drag ratio, H% » 18 97.5.

L

By comparison, th2 canard configuration of Fig. 5 has sn M $ of about 15,

based on uncorrected wind-tunnel data., The latter value could be raised
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to about 20 by reducing the average skin-friction coefficient by a factor
of about five, thus reducing Ce to the value of the ring-body configuration,
0.0003,

Figure 7 affords a brief pictorial comparison of the all-out range
capabilities of the Mach-2 canard-type aircraft with laminarized boundary
layer and a 25 per cent range increase end the circummavigational strategic
bomber at M ¥ 3, This range increase could be attributed to successful
application of an elementary lift-interference system, JP-fuels are as-
sumed to be used in both vehicles. The range of the ring-body configura-
tion is predicated upon 1958 state of the art in propulsion and structures
and the use of all three features of the aerodynamics concept. Also shown
as a matter of general interest is the order of megnitude of the M = 2 range
of the B-58A. The B-58A is chown to be able to fly from Wheelus Air Force
Base, Tripoli,to Moscow, The 'Super Canard' could fly from Turner Air Force
Base, Georgia,to Peking, China, and the 500,000 1b cambered ring-body could

circumnavigate the earth. The immensity of the strategic advantage made

possible by such potential performance is clear.

B, STRATECIC LONG-RANGE MISSILE

The second application given here concerns a ring-body of the same
veight (post-launch) and immersed volume as the SM-62A SNARK, which is
shovn in Fig. 8. A complete-ring-body configuration (Fig. 9) was selected
for convenience of calculation, To demonstrate the unprecedented cavability
of an all-supersonic, all-.sea-level,; intercontinental mission it is neces-
sary to assume the use of borane fuels (ramjet operation). The design
sketched in Fig. 9 is not necessarily the optimum of the many possible

configurations for the all-supersonic sea-level mission at M = 2,2 How-
ever, it provides an indication of the vehicle configuration and & basis

SECRET
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Sl OIS

Super Conord\Q

Peking

]

9 oscow |

g “%

Wheelus Tripoli

Fig. 7—Maximum-supersonic -range capabilities: Super Canord
configuration at Mach 2.0, cambered half-ring-body strategic
bomber at Mach 3.2; and Convair B-S8A at Mach 20
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for a performance estimate, Ranges of about 5000 n mi would be possidble
L
D
1.9 vith borane fuels, and a fuel weight vhich is two-thirds the gross

for this vehicle with an M = of 22, a basic specific fuel consumption of
veight. Assuming for the moment that this con!'iéu.ration could fly a con-
stant 1lift-drag ratio profile rather than a constant altitude, the Breguet
range equation would apply and the range would be approximately 8000 n mi.
These 5000 v mi range capabilities of the SNARK (using JP-~fuel and flying
at high altitudes) and the complete-ring-body are illustrated in Fig. 10,
vhich shows the significant intercontinental capability of this supersonic
sea-level missile in a flight from Castle Alr Force Base, California, to
Moscow. For practical applications a mixed-altitude mission would probably
be employed, but the order of magnitude of the range would be the sams,

The equations for all-out range of these two different missions are:

a L wf'i.nal
R=- (M -5) 1 -g=——| 3 constant altitude
init. init.
R=2 (M !‘-) 1n winit. s constant 2 Breguet
c D § ’ proreEue

constant final

The state-of-the-art requirements for this configuration and its stated
performance are a '1958-type' weight ratio, a fuel-consuagtion value
bracketed by sea-level afterburning turbojet and ramjet values with borane
fuels, and, in serodynamics, thickness-drag cancellation and boundary-layer
laminarisation to an average e.fective skin-friction coefficient of 0.0003.

C. AIR-TO-SURFACE MISSILE
The third offense veapon application suggested to illustrate this
aerodynamics concept is the air-to-surface missils. An sfficient, truly
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Fig. |l0—Maximum-range capabilities: SM-62A SNARK at Mach 09
and intermediate altitude, complete-ring-body missile at Mach 2.2
and sea level, the same missile at Mach 2.2and intermediate oltitude
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effective weapon of this type would significantly extend the useful life
of the present subsonic manned strategic bomber force. Shown in Fig, 11
are tvo half-ring-body configurations which bracket a family of mistiles
designed for M = 3 ranges of 500 t01800 n mi st altitude (using JP-fuels).
The respective gross weights of the missiles are approximately 4600 to
6800 1b (3200 to 4600 1b without boosters). The total of the payload and
guidance system allowances is essentially that of urrent ASM designs,

Some indication of the usefulness of the 1800 n mi weapon is given
by the pictorial representation of Fig. 12, which indicates that it would
be possiblie to reach all SU targets from outside the ‘gecgraphic + 200 n mi'
perimeter with ASM's launched from B-52's based in the ZI, Subject to the
date of availability of the ASM, this could be an important strategic
advantage, The indicated external stowage is consistent with the relative
dimensions of the B-52 and the ASM's,

The state-of-the-art requirements for this ASM application are arbi-
trarily quite conservetive in weight ratio and ramjet fuel consumption
(3.0); and no skin-friction coefficient reduction is required below the
nominal 0.0015 of turbulent boundary layers at M = 3, However, thickness-

drag cancellation and body camber are essential features,
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D. SUPERSONIC TRANSPORT

The final application illustrated here is that of a supersonic trans-
port of the general size of the Douglas DC-3, Boeing 707, or KC-135.

Figure 13 shows & three-view sketch of the DC-8. The nominal reference
veight used 1s 300,000 1b, and the average density is about 15 lb/ft”,
vhich is typical of personnel transports. A Mach-2.2 cambered-half-ring-
body transport of this density is fcund to huve an M % factor of about G7;
hence, ite range would be 2U6 per cent of the 5800 n mi maximum range of
the 'intercontinental,' Mach-0.81 DC-8, or about 14,300 n mi, This range
is achieved through the use of all three features of the serodynamics
concept, the DC-8 weight ratio, and the rather high specific fuel consump-
tion value of 2.5 for afterburning turbojets. The general eppearance of
the airplane would be similar to that of the strategic bomber in Fig. 6.
The relatively small ring-wing of this transport airplane, wvith chord-
length ratio f- = 6 per cent, has a projected wing-planform areas, Sy = 2 Re,
that results in the relatively high wing loading (ratio of take-off gross
veight to wing-planform area) of 225 1b/ft2.

To indicate the flexibility of the aerodynamics concept to particular
problems of the designer, a related transport airplane (Fig, 1%) wvas
designed t0 have a low “ing loading. Omitting the body-camber feature of
the concept leads to appreciadbly different optimm configurations and
lessened aerodynamic pesformance as vell as reduced ving loading. The
Mach-2.2 bagic half-ring-body transport shown in Pig. 14 has & ving loading
of only 55 ].b/ft2 (versus 104 .Lb/fta for the DC-8) based on projected ving
planform area. The chord-length ratio of the wing is 27 per cent. The
u'% factor of about k2 for this configuration corresponds to & maximum range
of about 6500 n mi, vhich is 12 per cent greater than that of the DC-8.
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Pigure 15 summarizes the range capabilities of the DC-8, the basic
half-ring-transport and the cambered half-ring transport. From a common
take-off point at Westover Air Force Base, Massachusetts, the DC-8 with
a Mach-0,.81 range of 5800 n mi could reach Dahran, the basic half-ring
transport with a Mach-2.2. range of 6500 n mi could reach Karachi, and the
Mach-2,2 cambered half-ring transport could almost reach Madagascar and

return to Wectover.
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Fig.15—Maximum-range capabilities: Dougias OC-8 ot Mach 0.8I
ond 30,000 ft, and bosic- and cambered-half-ring-body
transport airplanes at Moch 2.2and intermediate altitudes
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IV, DRAG TRANSFORMATION AND REDUCTION:
CURRENT STATUS AND SUGGESTED RESEARCH

The three major features of the concept of drag trensformaticn and
reduction--thickness-drag cancellation, laminarized supersonic boundary
Jayer, and reduction of drag-due-to-lift--are discussed below with ruspect
to current theoretical or experimental status and required experimental
research. Such research is needed at an early date to permit an over-all
evaluation and design application of this aerocdynamics concept. The po-
tential performance gains in vehicls applications are so great (assuming
full verification of the concept) that early and intensive research is
vital.

A. THICKNESS-DRAG CANCELLATION

The thickness-irag cancellation part of tho concept is supported
indirectly by experiment. The successful experimental verifications of
the 'Transonic Area Rule'(7’) ana of the 'supersonic Area Rule'(9110) 4
the low supersonic Mach number renge indicate that the mu(u) drag
method (evaluation of drag at a distant control surface vhere + ardA -
pressure perturbations can cancel each other), vhich was used in tbis con-
cept, is substantiated in the experimental realm. The internal compression
inletl(la) as considered recently for the design of engine nacelles have
been shown experimentally to have high total pressure ratios (therefore
lov energy losses) in deceleration of the flow from Mach 3 to Mach 0.3 in
the free stream at the engine compressor fece. The losses associated vith
much more limited decelerations of, say, Mach 3 in the frec streem dowm
to Mach 2 within the ring would be very small, since the inlet's normal-
shock and boundary-layer-separation losses are not relevent to this conocept.
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It is sugy.sted that initially a basic complete-ring-body model with low
chord-length ratio and with provision for elementary boundary-layer
suction’ be fabricated and wind-tunnel-tested at Mach 3 to establish
specifically, for the general class of configuretions of interest here,
the principle of thickness-drag cancellation.

B. SUPERSONIC LAMINARIZED BOUNDARY LAYER

There is only one relevant existing experimental effort in the field
of supersonic boundary-layer control. Prenninger(13 )18) has had good
success in his first attempts at maintaining a leminar boundery layer on
a ving model at supersonic speeds in the Daingerfield wind tunnel at
M = 2,2 and 2,8, Effective skin-friction coefficients (allowing for the
equivalent dreg of pumping power as well as the momentum defect in the
boundary-layer wake) of 0.00056 and 0,00059 were obtained at these respec-
tive Mach numbers and at & wing-chord Reynolds number of 12,7 x 1 6.

These results strikingly parallel, even to the approximate numerical

values, the initial success of the subsonic tests(1%) vith tne special glove
fitted to the wing of an F-94B airplane, At the upper limit of wing-chord
Reynolds numbers (about 36 x 106) attainable vith that airplan;, values
less than (:f = 0,0003 have been reached at subsonic Mach numbers. The
performance results stated in the body of this report were based upon this
cf = 0,0003 level at supersonic Mach number. The initial supersonic tests

reveal an improvement by & factor of about three from the turbulent dboundary

*
The provision for boundary layer suction in this model is tOo insure
that the virtual surfaces of the model in & viscous flov (air) can be made

substantially those which vere assumed for the potential flowv, This is

ouen;:u to this experiment, which is designed to check a potential flow
concept.
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layer skin-friction coefficient of roughly 0.0018. A further halving,
as vas accomplished by subsonic research, is needed to attain the ranges
quoted in the text.

It is concluded that the supersonic-laminar-boundary-layer rcsearch
program should be pursued with all practical speed and effort. In effect
this means immediate and substantial renewed funding of experimental
supersonic-boundary-layer research. The experimental part of this program
should proceed to complete-configuration ring-body model tests.

It is further concluded that application studies, based upon these
experimental boundary-layer data, with their numerous implications for
the configurstions, shou".d be conducted concurrently wvith the research
jrogram, There is a substantial need for coming to grips with the appli-

cations of this second major feature of the asrodynamics concept.

C. REDUCTION GF DRAG-DUE-TO-LIFT

Theoretical investigations of reduction in drag-due-to-1ift through
iriterference-gensrated over-pressure fields have been reported by Rouovué)
«nd quite extensively by r‘erri.(n) However, the vork wvhich is more directly
épplicable to the present thesis involves approximating the desired elliptic
load projection on the body axis to minimize wave-drag-due-to-1ift, A
combination of this minim:m drag vith minimm vortex drag permits an
approach to Jones'(?) lover bound of drag-due-to-lift. The particular
device suggested here for improving the over-all, projected, longitudinal
loading of the ring + body has been investigated directly, but in a
limited vay, for tbe purpose of minimising airplane trim drag in the pitch
direction, Body camber vas used in s conventiomal ving-body ndcl(w)
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vhich wvas tested as a part of a basic wind-tunnel research program, and it
vas also used in the design and testing of the Northrop T-38 supersonic
trainer, However, the most impressive example of the efficiency of im-
proving the longitudinal load projection is a delta-wing-body wind-tunnel
model(lg) designed to minimize supersonic pitching moment at M = 1.2,
Fortuitously, the loading is such that the projection along the Mach plane
for M = 1.2 is & ressonable approximation to an elliptic loading along the
axis, In consonance with the previous discussion of vave drag-due-to-1ift,
thege tests did shov a substantial improvement at M = 1.2 in the curve of
lift-drag ratio versus Mach number for this configuration, It appears to
be an anomaly of the sort which sometimes cccurred in research before the
Transonic Ares Rule vas formulated. (An example would be the occurrence
of an 'unreasonsbly' low transonic thickness drsg from a free-flight drop
mdcl.(zo) In the design field one could cite the larger T-33 with a
maximm speed greater thap that of the parent F-80, and the higher-than-
generally-anticipated drag-divergence Mu:h numbers of the XB-51 and B-52))

It is suggested that theoretical research on the means of effectively
utilizing body cember for the ring-body configurations be instated, and
that the results be checked vith & 'sopiisticated’ ring-body model vhich
also incorporates the other tvo major features.
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V. CONCLUSIONS

The magnitude of the range extension mads possible by application
of the concept of drag transformation and reduction to strategic weapon
systems of a ring-body configuration indicates strongly that the follow-
ing measures be implemented:

0 That a basic complete-ring-body model with low chord-leﬁgth
ratio and with provision for elementary boundary-layer cantrol
be fabricated and vind-tunnel-tested at Mach 3 to establish the
principle of thickness-drag cancellatiom,

o That supersonic-laminar-boundary-layer research, including eppli-
cation studies, be pursued with all practical speed and effort.

0 That theoretical research on means of effectively utilizing body
camber for ring-body configurations be begun, and that thege
results be checked vwith a ring-body model which incorporates
thickness-drag cancellation and means of producing a supersonic

laminarized boundary layer.
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